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EXECUTIVE SUMMARY 
 
As the m ilitary moves forward to e xplore alternative fuel sources to re duce the dependency in 
petroleum fuel, non-conventionally produced fuels in crease in viability. Th e synthetic fuel (S-8) 
used in the se evalua tions is one suc h type fuel produced from  a synt hesis process developed 
early in the last century known as Fischer-T ropsch. Evaluation results provided in this report  
play an important role in the  ability  of  synthetic fuel to so meday signif icantly increase energy 
security and enable U.S. m ilitary ground equipment to operate using an alternative hy drocarbon 
fuel. 
 
Elastomer com patibility tests were conducted. As a result of elastom er com patibility and fuel  
switch load tests, it was determined that elastomers made out of Viton ru bber exhibited the least 
amount of m ass and volum e gains and losses. Butadiene rubber elastom ers exhibited 
insignificant m ass changes and approxim ately tw o percent volum e variations from  starting 
values when switched between fuels. Fluorosilicone elastomers exhibited intermediate mass and 
volume changes. The elastomers containing Nitrile rubber showed the larg est volume loss of the 
seals evaluated. 
 
Cold starting evaluations were conducted. Based on the limitations of test hardware for attaining 
absolute start temperature thresholds, the following cold starting conclusions can be made for the 
S-8, S-8/JP-8, and JP-8 fuels in  the General Engine Products 6.5L, naturally-aspirated, IDI, 
diesel engine: 
 
 With a con stant speed  crank ing motor at 10 0-RPM and glow plugs utilization the data 

suggest the cetane number difference between fuels is not evident in the start times. 
 
 There is a slight im provement in engine warm  up tim e with S-8 content in the fuel blends. 

The decrease in warm up time is small compared to the overall time to warm up the engine. 
 
 The Exhaust Opacity data at -25°C  suggests th ere is a similar am ount of white sm oke for  

each test fuel, however at -20°C both the average and maximum exhaust opacity due to white 
smoke are reduced with S-8 fuel content. 

 
 The largest variation between test fuels is seen for the Unburned Hydrocarbons (UHC) in the 

exhaust. Both the averag e and m aximum UHC ar e lower w ith increasing S-8 con tent in the 
fuel. When cold starting  aids ar e utilized, it is apparent there is less UHC in the ex haust at 
cold temperatures with increasing S-8 content. 
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 Start tim es when the engine is cranked with  a battery and starter, and the glow plugs 

disabled; indicate the engine will start on S-8 at 3°C. The engine would not start on JP-8 at 
3°C without glow plugs. The engine did start with the S-8/JP-8 blen d after a sixth crank 
attempt at 3°C.  

 
 During cold starting without glow plugs ther e are substantial m aximum levels of white  

smoke, regardless of fuel type. However, the S-8 fuel has a reduced average exhaust opacity 
due to the engine eventually starting at 3°C without the use of glow plugs. 

 
 When cold starting without glow plugs ther e are substantial m aximum levels of unburned 

hydrocarbons, regardless of fuel type. Correspo nding to the exhaust op acity result, the S-8 
fuel also has reduced average unburned hydro carbons due to the engine starting at 3°C  
without the use of glow plugs. 

 
 Overall, S-8 provided better low temperature starting than JP-8 in the 6.5L engine. 
 
A survey of  elastom er types used in Arm y di esel injection pum ps was  conducted. The m ost 
prominent rubber material found in the survey of injection pump elastomers was Viton. Viton is 
a synthetic rubber and fluoropolym er elastomer commonly used in O-rings. Based on previous 
testing, Viton elastom ers should present m inimal problem s if any, with the introduction of 
synthetic fuels. 
 
 Elastomeric components found in injection pum ps of selected high-density com bat, wheeled 

and ground support equipment, were identified. 
 
 An injection pump elastomer identification table was developed. 
 
 An estimation was made on the potential for injection pump leakage based on composition of 

elastomers and their location within the pump, and whether leakage, if it occurred, would be 
external or internal. 

 
 Of the pumps identified, the m odel PSB 12BT pump fueling the AVDS 1790 engines in the 

recovery vehicle, engineer vehicle and the AVLB bridge launcher is the pum p that raises the 
most concern with the use of non-arom atic fuel  (S-8). The reason being that there are two 
head assembly static seals in  each hydraulic head and two fuel contro l dynamic seals m ade 
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out of butadiene and Arylonitril e material. Thes e seals are dua l-purpose seals that prevent 
lubricating oil and fuel from  commingling within the pu mp. The fact that the m aterial is  a  
combination of butadiene and Arylonitrile m ay lessen the effect of shrin kage as opp osed to 
pure Nitrile material.  

 
Fuel properties were determ ined for a 50/50% vol. Blend of S-8 and JP-8 petroleum  based 
aviation f uel. The  blend was a nalyzed ac cording to  the  tes ting proto cols lis ted in  
DEF STAN 91-91 Table 1. 
 
The data  w ere exam ined f or com pliance with  J P-8 and DE F STAN 91-91 spe cifications. The 
following results for S-8 containing fuel were outside of the specification limits: 
 
 The standard BOCLE result for S-8 was high 

 The density for S-8 and the blend was low 

 D86 residue and loss were slightly high for the blend 
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I. INTRODUCTION AND BACKGROUND 
 
Fischer-Tropsch (FT) process syn thetic fuels,  first produced in 1927, were used by WW II 
Germany and by South Africa durin g their embargoed period, to overcome petroleum shortages. 
Synthetic JP-8 is a clean  fuel that co ntains no su lfur or aromatics, but has historically cost too 
much to compete with petroleum fuel. Since the mid-1990s, the world’s major energy companies 
have begun developing updated FT processes that are cheaper to build and operate. The goal is to 
produce a s ulfur-free product that h elps meet ai r quality  requirements, and to consu me natural 
gas that can no longer be flared due to environm ental rules. Howe ver, synthetic fuel chem istry 
differs significantly from petroleum fuels since FT synthetic fuels are free of aromatic and sulfur 
compounds. These differences raise m any concerns, in  particular with resp ect to: (1) adequate 
lubrication of som e engine fu el systems and other equipm ent, and (2) maintaining enough seal  
swell to avoid leakage when fuel system s are switched between petroleum  and synthetic fuels. 
The results of several research tasks that were conducted to i nvestigate the po tential use of  
synthetic fuel in Army ground equipment are included in this report. 
 
 

II. TASK II 
 

A. BENCH SCALE LUBRICITY TESTING OF USAF ADDITIVES 
 
Because synthetic fuel h as poor lub ricity properties, lubricity enhancer a dditives are desirab le. 
Five experimental lubricity enhancer additives were received from WPAFB and were evaluated 
for effectiveness in the latest  batch of synthetic fuel desi gnated S-8 (AL-27074-F). Based on 
USAF-reported BOCLE results, the additives we re blended at 25-mg/L concentration and 
evaluated in the HFRR (D6079) and SLBOCLE (D6078). The bench test lubricity results are 
shown in Table II-1. 
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Table II-1.  Lubricity Bench Test Results 
Fuel ID Additive Description HFRR, microns SLBOCLE, g 

   Neat S-8 None  795 1050 
04-865 03-POSF-452 5 Unpurified phthalic acid monoester 760 1450 
04-866 02-POSF-414 7 Alkoxyl proponic acid 710 2100 
04-867 02-POSF-4145 Alcohol glyceryl ester 740 1650 
04-868 02-POSF-4146 Alcohol succinic mono ester 780 1650 
04-869 03-POSF-452 4 C16-C17 branched alcohol phthalic 

monoester 
750 1550  

All additives tested at 25 mg/l in neat S-8, AL-27074 
HFRR, D6079 repeatability is 80 microns 
SLBOCLE D6078 repeatability is 900 g 
 
 
Overall, the  bench tests  indicated d irectional imp rovement in fuel lubric ity with  e ach additive 
present. Additive 02-POSF-4147 produced improvem ent in the SLBOCLE test and the HFRR 
test that was beyond test repeatabil ity. It is recommended that this ad ditive be tested at slightly 
higher concentration levels, and its impact on other fuel properties should be determined. 
 
 

B. IMPACT ON FIELD ELASTOMERS WHEN SWITCH-LOADED 
BETWEEN SYNTHETIC AND PETROLEUM FUELS 

 
1.0 OBJECTIVE 
 
The objective of this study was to determ ine the acceptab ility of synthetic fuel for use in Army 
ground vehicles and equipm ent. The response of selected new and used elastom ers was  
determined when seals  were switched between petroleum and synthetic fuel. Previous fuel 
system m aterial com patibility and switch-load  testing was conducted by TARDEC and other 
organizations [1–7]. The injection system  elasto mers selected for this study are the actual 
elastomeric parts (both new a nd used) found in the high-density Arm y ground equipm ent, such 
as the HMM WV, HEMTT, and M939A2 series wheel ed vehicles. Ultim ately, the ability of the 
O-rings/seals of selected fuel injection system s to m aintain enough swell to avoid leakage will 
determine the proof of concept in the use of synthetic fuel. 
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2.0 APPROACH 
 
2.1 Field Elastomers 
 
Three prim ary types of fuel injection equipm ent were investigated. Th ey include a Stanadyne 
rotary pump (HMMWV), a Bosch inline pump from  the Cummins 6CTA 8.3 engine (older 
model 2.5-5T cargo trucks), and a unit inject or from  the DDC 8V92T engine (HEMTT). A 
listing of the elas tomer materials in each system  is presented in Table II-2. Because the Detroit 
Diesel UI contains only one el astomer, a f ourth injection system was going to be added to the 
investigation. This is the Caterpillar 3116 and 3126B engine hydraulically  actuated electronic 
unit inje ctor (HEUI). T he light and  m edium f amily of tactical vehicle (trucks ) us e the HEUI 
system. However, the fuel-wetted elastom ers in  the HEUI system  are m ade of Vit on and very 
similar in function as the Detroit Diesel elastomers; therefore, it was decided not to include it in 
the test matrix 
 
 

Table II-2.  Summary of Elastomer Type in High Density US Army Fuel Systems 

Stanadyne DB2 Rotary Injection Pump used in the GM 6.2L and 6.5L 
p/n Description Elastomer type 
10453 Seal, (driveshaft) Fluorocarbon (Viton) 
21860 Seal, (driveshaft red) Fluorosilicone (Red) 
27603 Gasket, (timing window cover) Fluorocarbon (Viton) 
27245 Seal, O-ring (cam ring/hyd head)  Fluorocarbon (Viton) 
27601 Seal, O-ring Fluorocarbon (Viton) 
27608 Seal, (transfer pump) Fluorocarbon (Viton) 
11507 Seal, O-ring (gov. assembly) Fluorocarbon (Viton) 
24585 Seal, O-ring (shaft control assy) Fluorocarbon (Viton GLT) 
27609 Seal, O-ring (drain plug)  Fluorocarbon (Viton) 
27610 Seal, O-ring Fluorocarbon (Viton) 
27163 Seal, (advance plunger) Seal (Viton) / Case AISI C1008-C1010 
27602 Seal, O-ring Fluorocarbon (Viton) 
27607 Seal, O-ring Fluorocarbon (Viton) 
27244 Seal, rect section Fluorocarbon (Viton) 
Bosch In-Line Injection Pump Used in the Cummins 6CTA 8.3 engine 
p/n Description Elastomer type 
1410210014 Seal, O-ring (barrel assembly) Butadiene 
2410210049 Seal, O-ring (barrel assembly) Butadiene 
2410210033 Delivery valve holder, seal O-ring Butadiene 
3918192 Fuel gallery, seal washer BUNA N (Nitrile) 
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Table II-2.  (continued) 

Stanadyne DB2 Rotary Injection Pump used in the GM 6.2L and 6.5L 
DD Unit Self- Metering Injector used in the Detroit Diesel 8V92T engine 
p/n Description Elastomer type 
52344281 Seal, O ring  Fluorocarbon (Viton) 
Hydraulically Actuated Electronic Unit Injector (HEUI) used in Caterpillar 3116 and 3126B engine 
p/n Description Elastomer Type 
1P8116 Seal, O ring  Fluorocarbon (Viton) 
125-8274 Seal, O ring  Fluorocarbon (Viton) 
 
 
A source of used elastom ers for the Stanadyne rotary injecti on pump and the DDC unit injector 
was located at Ft. Hood, Texas. This rebuild facility was visi ted, and used elastom ers were 
obtained from three Stanadyne rotary injection pumps and three DDC unit injectors. 
 
Ft. Carson, Colorado, is the designated depot repair  facility for the complete overhaul of the  
Bosch in-line injection pum p for the Cumm ins 8.3L engine. Personnel at the Com ponent Repair 
Facility were contacted concerning obtaining used elastom ers from three in-line pum ps. 
However, the shop supervisor inform ed TFLRF staff that the injection pum p ove rhauls have 
been temporarily suspended due to a high prio rity work directive to up-arm or HMMWV model 
vehicles. New injection pum ps are being issued and installed when necessary. Tentative plans 
were made with the Ft. Carson repair facility to  have the repair shop ship three used injection 
pumps to TFLRF. The used elas tomers would be removed and the pumps rebuilt and returned to 
Ft. Carson. In order to  accom plish the rebuild  procedure,  special too ls were req uired to be 
purchased, a technician had to be trained at one of the local dies el injection pump facilities, and 
finally the injection pump had to  be calibrated prior to shipm ent to Ft. Carson. Pursuing this 
course of action becam e cost prohibitive and searching for a local sou rce of used elastom ers for 
Cummins 6CTA8.3 engine became the only viable course of action.  
 
Local Cummins engine dealers and  diesel injection repair facilities provided the necessary us ed 
Bosch in-line pump elastomers. 
 
New elastomer overhaul kits were purchased for the Stanadyne rotary injection pum p, Bosch in-
line injection pump and Detroit Diesel unit injectors. 
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2.2 Elastomers Selected for Testing 
 
The following elastomers were selected for testing: 
 

A. Stanadyne Injection Pump   Elastomer Composition 
 Head & Rotor Assembly   Viton 
 Transfer Pump O-ring    Viton 
 Shaft seal (red)    Fluorosilicone 
 Shaft seal (black)    Viton 
 Gov. Assembly Stud Guide O-ring  Viton* (see Stanadyne paragraph below) 
 

B. Bosch In-Line Injection Pump 
 Delivery Valve O-ring   Butadiene  
 Barrel Assembly O-ring (black)  Butadiene 
 Barrel Assembly O-ring (green)  Butadiene 
 Fuel Gallery seal/washer   Nitrile  
 

C. Detroit Diesel Unit Injector 
 Injector O-ring    Viton 
 
 
The elastomer sets for each com ponent consisted of two ne w and three used O-rings/seals. One 
set of the new O-rings/seals were suspended in air and were subjected to the weighing and oven 
process as all the other O-rings/s eals; however, they were n ot submerged in fuel at any tim e. It 
was felt that these sets of new seals would provide a good control weight that would give a better 
perspective to the weig hts obtain ed f rom the othe r sets of new and us ed seals that would be 
submerged in non-aromatic and arom atic fuels. For the m ost part, the m ass and volum e weight 
percent gains and losses remained within expected parameters except in two instances where the 
volume wei ght percent loss cannot be explained ot her than  perhaps an  error in re cording th e 
weight. The remaining sets of new a nd used O-rings/seals were submerged in the different fuels 
at all times except when being prepared for weighing and switch loading. 
 
For the Stanadyne pump, the Governor Assembly Stud Guide O-rings were ordered from  a local 
diesel injection business using a part num ber obtained f rom the list of elastomer num bers 
provided to TFLRF by TACOM  and reported to be made of Nitrile mater ial. According to th e 
local d ealer, the part nu mber used to order the O-ring had been superseded by another part 
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number and the material of the O-ring is now  Viton. TFLRF staff cont acted the Product Support 
Department at the S tanadyne Cor poration in an attem pt to settle concerns  regarding O-ring 
composition & color. Specifically to confirm that the gasket set PN24370 contains one PN11507 
black Nitrile O-ring for the guide stud and anothe r O-ring that is the s ame size for the head 
locating screw PN27602 m ade out of Viton and red in color. The local dealer stated that 
PN11507 Nitrile O-ring had been superseded by PN27602. TFLRF asked the support specialist 
whether the supersession originated from  Stan adyne or if it could be a dealer implem ented 
procedure. The answer that Stanadyne provide d was that “Gasket Kit P N 24370 contains 11507 
and 27602 O-ring seals. Both O-rings are “good” part numbers in the Stanadyne system  and 
neither is pending supersession. The 11507 seals are Black in color and m ade from Nitrile and 
the 27602 seals are Red and m ade from  Viton. The 27602 seals m ay also have an optional 
fluorescent whitening agent in color coating. We checked the O-rings that we had tested thinking 
that the composition was Nitrile and all turned out to be red in color and therefore Viton instead 
of Nitrile.  
 
2.3 Fuels Utilized For Elastomer Switch Loading 
 
The three f uels that were used for this study are S-8 [1] Synthetic Fu el, a fuel produced by 
Syntroleum Corporation using thei r gas-to-liquids technology to convert natural gas into liquid 
hydrocarbon fuel. The other fuel used was Aviation Turbine Fuel designated as JP-8. [2] A blend 
of S-8 fuel and 15% volum e aromatic additive designated as +150 [3] was used as an additional 
fuel for the elastomer switch loading. Table II-3 shows the list of fuels used: 
 

 

Table II-3.  Fuels Utilized for Switch Loading Tests 

Fuel Name Description Sample No. 
S-8 0%  aromatic content AL-27074-F 
JP-8 Approx. 15% wt aromatic content AL-26936-F 

S-8+150 15% wt aromatic content CL05-0152 
 
 
2.4 Test Procedure 
 
The new and used elastom ers were weighed susp ended in air and then weighed submerged in 
water in accordance with ASTM 471 procedures with some m odifications [2]. We ights were 
recorded for the comm encement of the test. The el astomers were then placed in glass containers 
filled with S -8 non-aromatic fuels and stored at 40°C (104° F) for seven days. At th e end of the 



 

7 

7-day period in the S-8 fuel, the elastom ers were again weighed in air and water, m easurements 
recorded. The elastomers were again subm erged in the same non-arom atic fuel for an additional 
21 days. At the end of the 28 day period, the elasto mers were removed from the S-8 fuel, rinsed, 
allowed to dry to room temperature and measurement procedures repeated. The elastomers were 
then subm erged in JP-8 fuel for 28 days and then subm erged in JP-8+150 for 28 days. This  
process was repeated for four complete 28-day switch-loading cycles. Mass and volume changes 
were determined each time the elastomers were weighed in air and water.  
 
 
3.0 RESULTS AND DISCUSSION 
 
The results in m ass and volum e per cent changes are presen ted by the different fuel injection  
systems investigated. First the S tanadyne Rotary Injection pum p with 5 selected fuel wetted 
elastomers (three O-rings and two shaft seals) will be discussed, then the Bosch In-lin e injection 
pump with 4 fuel wetted elas tomers (three O-rings and one washer) will follow, and finally, the 
Detroit Diesel unit injector with one selected elastomer (O-ring).  
 
The data s hown in the f ollowing charts r epresents th e averaged to tal re sults of  the same  
elastomer material for each pump. The data were calculated from day 0-7, 0-28, 0-35, 0-56, 0-63, 
0-84, 0-91, 0-112 to obtain cum ulative m ass and vol ume percent changes in  all fuels. These 
calculations are labeled Method A.  The data were also calculat ed from  day 0- 7, 0-28, 28-35, 
28-56, 56-6 3, 56-84, 84-91, 91-11 2 to obtain m ass a nd volum e percent changes in each fuel. 
These calculations are labeled Method B an d are presented in Appendix II-A, “Grouped 
Elastomer Data, by Elastom er Type for Each Pu mp, Change Calculated by Method B.” Results 
for individu al sea ls are presented in  Appendi ces II-B, II-C, and II-D. Appendix II-B presents 
individual elastomer results for Stanadyne pump, calculated by Method A. Appendix II-C shows 
the data for individual elastomers found in the Bosch In-line pump, calculated by Method A, and 
Appendix II-D presents the data for individual  elastom ers found in t he Detroit Diesel unit  
injector, calculated by Method A. 
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3.1 Stanadyne Pump 
 
Figures II-1 and II-2 present the m ass and volum e percent changes observed by method A for  
Viton O-rings/seals found in four different loca tions in the Stanadyne p ump. Figure II-1 shows 
that the new  and used elastom ers exhibited slight 0.4% losses and gains in m ass percent when 
submerged in non-aromatic and then switched to aromatic fuels. Figure II-2 shows how new and 
used elasto mers paralleled m ass percen t swi ngs closely, but were more pronounced when 
calculated for volume. The new elastomers exhibited greater volume losses and gains in the first 
two switch cycles. However, none fluctuated m ore than 1.7 percent. The new elastomer that was 
stored in air only (not submerged in fuel) remained constant in mass weight and varied slightly in 
volume. 
 
 

 
Figure II-1.  Stanadyne Injection Pump Calculated by Method A from Days 0-7, 0-28, 0-35, 0-56, 
0-63, 0-84, 0-91, 91-112 to Obtain Cumulative Mass % changes in Viton Elastomers in all Fuels 
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Figure II-2.  Stanadyne Injection Pump Calculated by Method A from Days 0-7, 0-28, 0-35, 0-56, 
0-63, 0-84, 0-91, 91-112 to Obtain Cumulative Volume % changes in Viton Elastomers in all Fuels 

 
 
Figures II-3 and II-4 present the changes observed in the Fluorosilicone shaft seals. The new and 

used seals initially exhibited a sharp increase in m ass and volum e percent at the end of seven 

days in  non -aromatic f uel; however, by the end of the 28 th day, the m ass and volum e had 

decreased to near in itial starting values. Mass and volume percent increa sed sharply after every 

seven-day submersion in non-aromatic or aromatic fuel. The increases however, are greater after 

switching to non-aromatic fuel. Mass and volume would then decrease to starting values during 

the next 21-day subm ersion. This p attern con tinued throughout the fuel switch es until the last 

switch to n on-aromatic f uel additized with 15% arom atics. The us ed seals ex hibited an 

approximately 10% decrease in mass weight from day 84 to 112. The increase is more significant 

in the used seals due to the behavior of the seal in pump No. 1. From the beginning, the used seal 

labeled P 1-3 from  pump No 1 behaved erratica lly and very different than the other two. The 

observed mass and volum e increased at an unusually  high rate when subm erged in either fuel; 

however, the swelling was m ore pronounced with non-arom atic fuel. The texture of the seal 
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became spongy and hig hly swollen.  Figure II-5  shows the swollen con dition of th e used seal 

P 1-3 after being submersed in non-arom atic fuel for 7 days com pared to a new shaft seal Na-3 

not submerged in fuel, and a new seal Nf-3 also  submerged in fuel. W hen allowed to dry, seal 

P 1-3 returned to near  norm al appearance and size. This condition may be due to a previous 

exposure to an unknown substance. The new elas tomer that was stored in air only (not 

submerged in fuel) remained constant in mass weight and varied slightly in volume. 

 
 

 

Figure II-3.  Stanadyne Injection Pump Calculated by Method A from Days 0-7, 0-28, 
0-35, 0-56, 0-63, 0-84, 0-91, 91-112 to Obtain Cumulative Mass % changes 

in Fluorosilicone Elastomers in all Fuels 
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Figure II-4.  Stanadyne Injection Pump Calculated by Method A from Days 0-7, 0-28, 

0-35, 0-56, 0-63, 0-84, 0-91, 91-112 to Obtain Cumulative Volume % changes 
in Fluorosilicone Elastomers in all Fuels 

 
 

 
Figure II-5.  Fluorosilicone Drive Shaft Seals 
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Figures II-6  and II-7  show the difference in m ass and volu me with the  aberrant se al removed 
from the calculated average. This definitely pres ents a m ore realis tic behavior of the averaged  
changes as the seals are imm ersed in the d ifferent fuels. W ith the used seal from  pump No. 1 
removed from the calculations,  the increas e in  mass and volum e are n ot as  significant and th e 
new subm erged seals exhibit a greater m ass and volume increase than the us ed seals.  W hen 
exposed to the S-8 fuel additi zed with 15% arom atics, the ne w subm erged seals reacted to a 
lesser extent than the used subm erged seals; however, both seals paralleled one another in 
negative volume percent change.  
 
 

 
Figure II-6.  Stanadyne Injection Pump Calculated by Method A from Days 0-7, 0-28, 0-35, 0-56, 

0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Mass % changes in Fluorosilicone Elastomers in 
Fuels. Aberrant Red Shaft Seal Removed from Calculated Average 
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Figure II-7.  Stanadyne Injection Pump Calculated by Method A from Day 0-7, 0-28, 0-35, 0-56, 
0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Volume % changes in Fluorosilicone Elastomers 

in all Fuels.  Aberrant Red Shaft Seal Removed from Calculated Average 

 

 

3.2 Bosch In-Line Pump 
 
The response received when inquiry was made on the elastomer composition in the Bosch in-line 
injection pump used in the Cummins 8.3L engine was that the specific composition of the all the 
O-rings was not known but that all of the O-rings that com e in contact with the fuel were m ade 
of BUNA rubber. The word BUNA was interpreted to mean Nitrile. As mentioned earlier, a seal 
that was reported to be Nitrile in the Stanadyne pum p resulted to  be Viton instead. Therefore, a 
set of new and used O-rings and seals for th e Bosch in-line pum p were tested for general 
elastomer composition identification using infrared spectroscopy. The results  were that only one 
seal in the p ump contained Nitrile ru bber. Spectra showing the results of infrared waves can be  
seen in Appendix II-C. The rest of the O-rings consisting of barre l and fuel delivery valve seals 
are butadiene rubber. Figure II-8 shows a Nitrile encapsulated steel fuel gallery seal/washer used 
in the Bosh pump that has been cut to expose the metal washer inside the Nitrile material.  
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Figure II-8.  Nitrile Encapsulated Steel Fuel Gallery Seal/Washer 
Used in the Bosch Pump 

 

 

Figures II-9 and II-10 present the changes observed in the Butadiene O-rings of the Bosch in-line 
injection pump. As shown in Fi gure II-9, the new and used subm ersed elastomers exhibited only 
a slight variation in m ass % cha nge with any fuel. The m ost notable changes occu rred after th e 
seventh day submersion in all fuels. The volume changes seen in Figure II-10 exhibited the same 
pattern as mass percen t changes, however, the ne w submerged seals, rem ained in the negative 
range between 1 and 2 percent while the used subm erged seals show a 3.7%  increase in volume 
from day 28 to day 35 and then a 2.4% volum e loss from day 56 to day 63 after subm ersion in 
non-aromatic fuel. Notable is  the unexpected increase in m ass and volum e for the new 
submersed elastomers from day 63 to day 84 when  switched to non -aromatic fuel and then the 
loss of m ass and volum e in the new seals when sw itched to f uel additized with aromatic s from 
day 84 to day 91. W ith the exception of the noted deviations, the subm ersed Butadiene 
elastomers behaved as expected.  T he new elas tomers not subm erged in fuel exhibited slight 
fluctuations in mass and volume.  
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Figure II-9.  Bosch In-Line Injection Pump Calculated by Method A from Day 0-7, 0-28, 0-35, 

0-56, 0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Mass % changes in Butadiene 
Elastomers in all Fuels 

 



 

16 

 
Figure II-10.  Bosch In-Line Injection Pump Calculated by Method A from day 0-7, 0-28, 0-35, 

0-56, 0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Volume % changes in 
Butadiene Elastomers in all Fuels 

 

 

Figures II-11 and II-12 present the m ass and volum e changes results of  the Nitrile f uel galley 
seals that are used in f uel inlet and outle t lines of the injection pum p. There were no used seals 
provided therefore, the charts s how the changes in m ass and volume of a new seal suspended in 
air and a new seal immersed in the non-aromatic and aromatic fu els. As seen in Figure II-11, 
mass changes were ins ignificant from day 1 to  day 112. V olume changes seen  in  Figure II-12 
however, spiraled negatively for the m ost part,  rega rdless of th e type of fuel used. The seal 
suspended in air paralleled the volume losses of the submerged seal and such behavior cannot be 
explained. It can be p ostulated th at perh aps because the gallery seal is  a m etal washer 
encapsulated in Nitrile rubber, it may have reacted differently when exposed to 140°F heat in the 
oven.  
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Figure II-11.  Bosch In-Line Injection Pump Calculated by Method A from Day 0-7, 0-28, 0-35, 
0-56, 0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Mass % changes in 

Nitrile Elastomers in all Fuels 
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Figure II-12.  Bosch In-Line Injection Pump Calculated by Method A from Day 0-7, 0-28, 0-35, 

0-56, 0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Volume % changes in 
Nitrile Elastomers in all Fuels 

 

 

3.3 Detroit Diesel Unit Injector 
 
Figures II-13 and II-14 present th e changes observed in the Viton O-ring found in Detroit Diesel 
Unit Injectors. As shown, there is a m aximum two-percent variance in mass and volume percent 
change with any of the fuels. The subm erged new and used O-rings actually show a slight  
increase in m ass from day 0 to day 28 in non-aro matic fuel, instead of the expected decreas e. 
From day 28 to day 56 when the O-rings were switched to arom atic fuel, the data shows an 
increase in mass for both the new and used O-ri ngs; however, Figure II-14 shows a decrea se in 
volume of a pproximately two percent for new submerged O-ring. From  day 56 to day 84 when 
switched to non-arom atic fuel, decreases in m ass and volum e were observed. During the last 
switch to aromatic fuel, from day 84 to day 11 2, a definite increase in m ass and volume can be 
seen. For the m ost part, the elastom ers behaved as expected during the switching between fuels. 
The approxim ately 8 pe rcent volum e loss in the s eal suspended in air is believed to be a n 
erroneous reading in weight that occurred at the beginning of the test.  
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Figure II-13.  Detroit Diesel Injection Pump Calculated by Method A from Day 0-7, 0-28, 0-35, 

0-56, 0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Mass % changes 
in Viton Elastomers in all Fuels 
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Figure II-14.  Detroit Diesel Injection Pump Calculated by Method A from Day 0-7, 0-28, 0-35, 

0-56, 0-63, 0-84, 0-91, 0-112 to Obtain Cumulative Volume % changes in 
Viton Elastomers in all Fuels 

 

 
4.0 CONCLUSIONS AND RECOMMENDATIONS 
 
Results from switching new and used field elasto mers from  selected  fuel injection system s 
between non-arom atic and arom atic fuels concl ude that seals containing fluorocarbon (Viton) 
material exhibited the least am ount of m ass and volume per cent loss and gain. The variations 
seen in this study indicate that Viton elastome rs would be the least likely to be im pacted 
negatively when switched between synthetic and petroleum derived fuels. 
 
The elastomers containing butadiene material behaved as expected in that with noted exception s, 
mass and volum e percent losses occurred when seals were subm erged in non-arom atic fuel and 
conversely, mass and volume percent gains occurred when elastomers were switched to aromatic 
fuel. The new submerged elastomers exhibited peculiar behavior in that the elastom ers exhibited 
volume losses and gains when switched between fuel s as expected; however, all changes were in 
the negative range from starting volum e value. The volume swings between fuel switches in the 
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used elastomers were below the starting value with synthetic fuel  and above starting values with 
JP-8 and S-8 additized with arom atics. The lo sses and gains were within two percent from  
starting values. Although m ass and volum e per cent chan ges in n ew and used  subm erged 
elastomers did not exceed three percent it cannot be concluded that butadiene elastomers will not 
be negatively impacted with non-aromatic synthetic fuel. 
 
Fluorosilicone elastomers exhibited the largest mass and volume increases in both non-arom atic 
and arom atic fuels. Definite gains and losses were observed; however, all were in the upper 
range from starting values except for the m ass change in the used seals dur ing the last switch to 
aromatic fuel from day 91 to day 112. The largest increases in mass and volume percent occurred 
during the first seven days of ever y fuel switch. In the application of the Fluorosilicone seals in 
the Stanadyne pump, the eleven plus percent volume increase seen in the submerged seals should 
not present a problem with non-aromatic fuels. 
 
The Nitrile f uel gallery  seal/washe r in the Bo sch in-line injec tion pu mp showed the larges t 
volume percent loss of  all the seals tested. As reported in previou s studies [4, 6], Nitrile 
elastomers exhibited large volum e swings in swell with switches be tween non-arom atic and 
aromatic fuels. In this evalua tion, there were definite swings in swell occurring between fuel 
switches; however, all w ere below the starting va lue, which would indicate  that continuous fuel 
switching could become a problem in the long r un. Unfortunately there were no used seals 
furnished for tes ting an d an accu rate estim ate of how used seals w ill b ehave in  no n-aromatic 
fuels could not be made. 
 
In an effort to evalu ate the total cum ulative effect of switch-load ing elastom ers between 
non-aromatic and arom atic fuel, m ass and volume  percent changes from  day 1 to day 112 were 
averaged for each elasto mer group. Interestingly the data shows that new submerged elastomers 
reacted to fuel switch lo ading to a greater degree than did the used elastomers. Table II-4 shows 
the results of the cumulative effect of elastomer switch loading. 
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Table II-4.  Averaged Total Changes in Elastomer Mass and Volume % Weight When 
Switch-Loaded Between Non- Aromatic and Aromatic Fuels 

Stanadyne Pump 
 New in Air New in Fuel Used In Fuel 
Mass, Viton 0.055 -0.175 0.061 
Volume, Viton 0.876 -0.630 -0.413 
Mass, Fluorosilicone -0.115 4.145 0.555 
Volume, Fluorosilicone -0.788 5.919 4.587 

Bosch Pump 
Mass, Butadiene -0.035 0.535 0.020 
Volume, Butadiene -1.845 -1.862 -0.305 
Mass, Nitrile 0.003 -0.165 (none provided) 
Volume, Nitrile -6.139 -4.985 (none provided) 

Detroit Diesel Injector 
Mass, Viton 0.096 0.664 0.467 
Volume, Nitrile -5.692 -0.434 0.314 

 

 

It is recommended that further switch-loadi ng investigations be conducted with Nitrile 
elastomers and include used elastomers in order to determine the absolute effect of the m ass and 
volume losses seen in this investigation. 
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III. TASK III:  COLD STARTING PERFORMANCE OF JP-8: FISCHER-
TROPSCH DERIVED VERSUS PETROLEUM DERIVED 

 
1.0 BACKGROUND 
 
The One Fuel Forwar d scenar io f or operatio ns dictates that the U. S. Arm y utilizes JP- 8 
specification aviation turbine fuel in all dies el powered ground equipment. Petroleum  derived 
JP-8 perform s well in diesel engines under mo st conditions. One classical diesel engine 
performance issue is poor cold starting due to low cetane num ber fuel, such as JP-8. Although 
the U.S. Army is currently not voicing any issues  reg arding cold s tart perform ance, JP-8 fuel 
cetane num bers can be frequently below 40, th e m inimum value specified by most engine 
manufacturers. Because of i mpacts on JP-8 supplies for aviation, a minim um cetane num ber 
specification for JP-8 to improve diesel engine performance is not likely to occur. 
 
In order to reduce reliance on im ported petroleum, the DOD is looki ng at fuels that can be m ade 
from a domestic feedstock such as natural gas or  coal. The Fischer-Tropsch process can be used 
to convert a dom estic feedstoc k into a liquid fuel that ca n be refined to m atch JP-8 
characteristics. JP-8 fuels deriv ed from  Fische r-Tropsch liquids have inherently high cetane 
numbers. Thus Fischer-Tropsch derived JP-8 has the potential to a lleviate the diesel engine cold 
starting issues with a JP-8 specification fuel. 
 
 
2.0 OBJECTIVE 
 
Determine potential be nefits of  the  increa sed cetane num ber of Fischer-Tropsch derived JP -8 
fuel on the cold start performance of a representative Army diesel engine. 
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3.0 DISCUSSION 
 
The impact of cetane number on cold starting of diesel engines has been the subject of numerous 
studies [1–5]. Diesel engines are inherently m ore difficult to st art at low tem peratures than 
gasoline engines. Where a gaso line engine will start reliably at - 20°F to -35°F, a diesel engine 
may have difficulty at 0°F. This situation beco mes more pronounced as th e cetane value of the 
fuel decreases. As temperature decreases, diesel engines that exhibit cet ane number related cold 
start is sues tend to e xhibit exten ded crank ing inte rvals, excess ive white sm oke, and id le 
roughness. Extended cranking interval leads to reductions in battery and starter life in addition to 
reduction in life of cold start systems. White smoke, attributed to unburned hydrocarbons passing 
through the engine, has an objectionable smell and contributes to ozone and smog formation. Idle 
roughness impacts warm  up tim e a nd drivability. Unde r combat conditions, a ll of these issues 
become more critical.  Initial data on GTL fuels indicate s that diesel en gines will start at lower  
temperatures, idle quieter, and em it less or no sm oke. This data, however, has not been verified 
in engines typically used by the military. 
 
Indirect Injection (IDI) diesel engines are prevalent in military vehicles. Due to high combustion 
chamber surface to vo lume ratios (associated with increased heat transfer ,) IDI d iesel eng ines 
typically need a high compression ratio to help with cold start. The primary component of a cold 
start system on an IDI engine is  typically a glow  plug within the combustion chamber, which is 
used to preheat the air charge. An exam ple of an IDI engine in the DOD is the 6.5L engine that 
powers the M998 HMM WV. The health of the cold starts system s play a critical role for cold 
start with m arginal cetane num ber fuels in the 6.5L engine. The cold start system s include the 
glow plugs, a glow plug tim er circuit, a cold start advance solenoid for the fuel injection pum p, 
and the fuel.  A temperature switch located in th e cooling jacket activates the co ld start advance 
solenoid circuit. A recent m odification for JP-8 us e in hot clim ates allows cold start advan ce 
when the engine is sufficiently warm . The cetan e num ber and viscosity of the fuel plays an 
important role in co ld start of the en gine. A higher cetane n umber fuel is a m ore reactive fuel, 
and requires a lower combustion chamber temperature for autoignition to occur. The viscosity of 
the fuel can inhibit the m etering at cold tem peratures and m ay also alter injection tim ing. All 
factors mentioned can contribute to the cold start performance of the HMMWV. 
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4.0 APPROACH 
 
Due to the num ber of HMMW Vs in the m ilitary fleet, it was proposed to use a 6.5L engine to 
evaluate the cold start performance of FT JP-8 with respect to petroleum JP-8. An additional fuel 
under consideration would be a 50% blend of S-8 with JP-8. 
 
The technical approach was to: 
 
 Instrument and install the engi ne in a cold cham ber. Mount the engine with a battery and 

alternator so that the glow plug based cold start system is fully operational. 
 
 The best ap proach was to reliab ly crank th e engine at a co nsistent speed to ev aluate fuels  

differences. It was reco mmended not using batter ies because variations in crankin g system 
performance (battery and starter condition) can mask fuel property effects. At the lowest start 
temperature determ ined for each fuel using th e cranking s ystem, start attem pts were then  
made using a battery/starter system. 

 
 The engine Technical Manual [6] was consulted to determ ine the range of recommended 

cranking duration, cranking speed s, and repeats intervals for start attem pts. Three start 
attempts will be m ade bef ore decla ring f ailure to star t. Engine stall af ter sta rting will be  
considered a measure of poor idle quality, and an additional attempt to start will be made. 

 
 Monitor test param eters that ind icate starting quality, which m ay include but not be lim ited 

to, the time to start, revolutions to start, time to temperature, idle speed, and idle quality. 
 
 Monitor coolant temperature, head temperature near the p re-combustion chamber, cranking 

speed, cranking time to start. 
 
 Chart speed versus time during test to know how steady or unsteady the idle is. 
 
 Investigate exhaust smoke for opacity a nd unburned hydrocarbons. E xhaust opacity and 

unburned hydrocarbons traces were recorded. 
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5.0 EXPERIMENTAL RESULTS 
 
A naturally aspirated General Engine Products 6.5L  indirect injection diesel engine was prepped 
for the Fischer-Tropsch derived JP-8 cold start testing. The e ngine was mounted on a stand and 
attached to a constant-s peed cranking system . The cranking system  contained an over-running 
clutch that allowed the engine to accelerate once started.  
 
The 6.5L engine utilizes a cold start system that activates the glow plugs for a scheduled period 
of time based on coolant temperature. In addition a fast-idle setting and a cold-start fuel injection 
advance are implemented when the coolant temperature is below 38°C. During cold temperatures 
the glow plugs m ay be activated even after the engine starts to help reduce white s moke and 
improve wa rm-up ti mes. SwRI  determ ined that the cold start com ponents used on a fielded 
HMMWV dif fered f rom the cold start te st e ngine. Effor ts were m ade to obtain the current 
production HMMWV components, however iss ues about SwRI purchasing m ilitary only items 
arose. The cold start components from  an older 6.2L version of the engine were available and 
SwRI felt that as long as the cold start com ponents are consistently activ ated between the test 
fuels at each test tem perature, the fuel eff ects on starting and engine warm up da ta should be 
comparable. 
 
The cold  ch amber for the testing  h ad been  serv iced and prepped for te sting. The engine was 
installed in the cold chamber along with the cr anking motor. Unfortunately the sys tem initially 
had trouble maintaining temperatures below zero degrees F ahrenheit and a new expansion valve 
and compressor valve rebuild was required. The insulation of the box wa s augmented with an 
additional 2-inchs of expanded polystyrene. Re liability issues exis ted with th e cold box  
throughout testing.  
 
At the lowest tem perature attained in the cold  box, -28°C, the engine operating on JP-8, and a 
fully active glow plug system , the engine starte d in less than two seconds with the engine 
cranking at 200-RPM. Review of the engine T echnical Manual indicated that 100-RPM is the 
minimum cr anking speed allowable for an operabl e starting system . The variable speed drive 
was adjusted to 100-RPM to sim ulate a m arginal starting system . Although the engine started 
quickly on JP-8 at -28°C, it did stumble while warming up. During the warm-up it was noted the 
fast idle solenoid was not raising the engine sp eed. It was found the rack return spring was too 
stiff for the solenoid to push the rack lever over cen ter. Efforts were m ade to properly affect the 
fast idle function and to stabilize the cold box performance. 
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Plots of cold start perform ance for JP-8 at -27°C are shown in the following figures. The starts 
were performed with the cold start aids activated and the engine  cranking speed set at 100-RPM. 
Figure III-1 shows the cranking m otor speed and th e engine speed. The engine appears to start 
shortly after the cranking speed reaches 100-RP M. The engine does run rough and stum ble for 
about 1-minute and 45-seconds then the engine speed shifts and the engine sm oothes out. The 
speed shift may occur due to the fast idle becoming effective. Figure III-2 shows the fuel and oil 
pressures during the engine start and warm up. Th e fuel pressure reaches a steady value after a 
few seconds. The oil pressure tak es almost two minutes to reach 30-psig, even with the OEA-30 
Arctic lubricant. Figure III-3 shows the monitored temperatures during the course of the start and 
operation period.  
 

 

 
Figure III-1.  Engine and Cranking Speeds with JP-8 at -28°C 
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Figure III-2.  Fuel and Oil Pressures with JP-8 at -28°C 

 

 

Figure III-3.  Temperatures during Start and Warm-Up Period with JP-8 at -28°C 
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The cold box temperatures plateau was in the -25°C to -29°C range and would not go any colder. 
Plots of cold start perfo rmance for JP-8 at - 25°C are shown in the following figures for a cold 
start with aids, and the engine  cranking speed set at 100-R PM. These for ms of the following 
plots a re ty pical for th e tes t runs with each o f the tes t fuels. Figu re III-4 shows the crank ing 
motor speed and the engine speed, with a blow-up of the cranking interval. The engine appears to 
start shortly after the cranking speed reaches 100-RPM. The engine does run rough an d stumble. 
At about 1-m inute and 30-seconds the engine severely stumbles, and then gradually recovers. 
The change in eng ine speed at ap proximately 7-m inutes and 30-seconds occurs when the 
temperature switch that controls the cold start advan ce and f ast idle opens at around 38°C. The  
run is term inated when the coolan t reaches 54°C, which is the tem perature at which the glow 
plugs no longer function. Figure III-5 shows the exhaust opacity and unburned hydrocarbons 
tracking during the interval of rough engine ope ration, then clear up wh en the engine runs 
smooth. During this period white smoke was note d. It was anticipated that durin g the white 
smoke period the unburned hydrocarbons would be very high which proved to be the case. 
Figure III-6 shows the temperature and oil pressure histories during the cold start run. 
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Figure III-4.  Starting with Glow Plugs Activated with JP-8 at -25°C 
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Figure III-5.  Exhaust Opacity and Unburned Hydrocarbons with JP-8 at -25°C 

0

10

20

30

40

50

60

0:00:00.000 0:01:26.400 0:02:52.800 0:04:19.200 0:05:45.600 0:07:12.000 0:08:38.400 0:10:04.800 0:11:31.200

Elapsed Time, h:mm:ss.000

E
xh

au
st

 O
p

ac
it

y,
 %

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

U
H

C
, 

p
p

m

Exhaust Opacity %
UHC ppm



 

32 

 
Figure III-6.  Plots of Temperatures and Oil Pressure with JP-8 at -25°C 
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Plots of cold start perform ance for JP-8 at -25°C are shown in the following figures for a cold start 
without glow plug activation, and the engine cranking speed set at 100-RPM. Figure III-7 shows the 
cranking m otor speed and the engine speed for 4 start attem pts without glow plugs and a final 
attempt with the g low plugs activated. Inclu ded in F igure I II-7 a re the Exh aust Opacity and 
Unburned Hydrocarbons (UHC) traces. The Exhaus t Opacity peaks during the cranking intervals 
while the UHC appears to accum ulate in the ex haust, eventually exceeding 20,000-ppm. The UHC 
result during the non-cranking inte rvals may be skewed by transport delays, raw fuel in the exhaust 
stack, and  r aw f uel trap ped on the instrum ent f ilter. Figur e III -8 shows the tem perature his tories 
during the cold start attempts without glow plugs. The exhaust temperature traces suggest there may 
be residual heat in the cylinder from each previo us attempt because the tem perature does not dro p 
drastically. The therm al inertia of the therm ocouple m ay also result in the exhaust tem perature 
being consistent during the non-cranking periods. Ev en though the cylinders appear to get warmer 
with successive cranking events, the glow plugs are eventually needed to start the engine. 
 
Plots of cold start perform ance for JP-8 and S- 8, around -27°C, are show n in Figures III-9 and 
III-10 for a cold start with aids, and the engine cranking speed set at 100-RPM. Figure III-9 is a plot 
of the engin e speed and  exhaust m easurements fo r the JP-8 fuel. The exhaust opacity with JP-8 
peaked at around 65-percent, due to black smoke , then white sm oke was prevalent at 20 to 
30-percent opacity, while the engi ne speed surged. During the peri od of high exhaust opacity, the 
unburned hydrocarbons were also  high, with a peak of 3000-ppmC. Once the engine speed 
stabilized, both the exhaust op acity and unburned hydrocarbons droppe d. Figure III-10 is a plot of 
the exhaust param eters for the S -8 fuel. Both fuel s started the engine quic kly with the glow plugs 
activated, but the con tent of  the exhaust was much dif ferent with th e S-8 f uel. With the S-8 f uel, 
white sm oke was alm ost non-existent, and the unbur ned hydrocarbons peaked  quickly at around 
490-ppmC, then tapered off. The exhaust opacity di d peak at 33-percent with  S-8, but it was noted 
that as the 6 .5L engine s tarted a puf f of black smoke was em itted with both f uels. This m ay have 
been due to fuel hitting the hot  glow plug which cycles on and off during cranking and warm -up. 
With the S-8 fuel the engine took approxim ately 2-seconds from initiation of cran king to reach a 
stabilized engine speed of 600-RPM. W ith the JP-8 fuel the engine took 30-seconds to reach the 
same stabilized speed.  These plo ts are typical for each fuel at the sa me test temperature with g low 
plugs activated. 
 
After the initial trials to determine the test stands ability to differentiate between test fuels, a setback 
occurred during the cold start testin g. Usually th e oil pressure takes approxim ately one m inute to 
reach a s table pressure. During a start it was  noted that the S-8 fuel warm ed up significantly faster 
than the JP-8 fuel. Investigations  revealed low to non-existent oil pressure during the fast warm -up 
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test. The lubricating system and oil pressure sensor was investigated. It was determined that the cold 
start testing causes water to accu mulate in the oil sum p from the blow by, and that the lubricant 
never reach es a ho t en ough tem perature to  drive o ff the water. In ad dition, the water does not  
emulsify with the oil, an d due to de nsity the wa ter sits below the lubr icant in the p an. It app eared 
that a s ection of ice was sucked up  to the oil pump intake and blocked oil from  t he pum p, and 
subsequently the oil galleries. This resulted in two of the m ain bearings  spinning, dam aging the 
bearing caps and the crankshaft main journals.  
 
Another block from a 6.5L engine available at TFLRF had severe bore wear and bore corrosion. An 
engine long block was located from another SwRI department that was considered surplus. The fuel 
injection system , intake and exhaust m anifolds, and cold  starting sy stem were installed on the 
engine from the previous test engine. The engine had previously been used as a soot wear test 
engine so severa l cycle s of  f lush and f ill were performed to rem ove all old lubr icant f rom the  
engine. The engine has been installed in the cold box and all connections, operation, and 
instrumentation verified. Efforts were m ade to pe riodically drain and repl ace the  lubricant during 
testing to remove any collected water.  
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Figure III-7.  Glow Plug Effects on Cold Start with JP-8 at -25°C 
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Figure III-8.  Temperature Histories during Cranking without Glow Plugs with JP-8 at -25°C 
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Figure III-9.  JP-8 Fuel Cold Start Exhaust Parameters 

 

 
Figure III-10.  S-8 Cold Start Exhaust Parameters 
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Initial trials with the second test engine revealed som e m isfiring at cold tem peratures 
during warm-up. The cold box was set at 10°C and the engine was allowed to warm up to 
a coolant temperature o f 90°C. The injecti on timing at 1300-RPM and idle speed were 
checked and set to the appropriate values. 
 

 
Figure III-11.  Engine Speed for JP-8 and S-8 Cold Start Attempts at -25°C 
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Figure III-12.  JP-8 and S-8 Cold Start Temperature Profiles at -25°C 
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Figure III-13.  Oil Gallery Pressure and Sump Temperature for JP-8 and S-8 Start 
Attempts 
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Figure I II-14 repres ents it. The  rela tive duration of white sm oke generation is 
significantly shorter for the S-8 fuel, as is  the m agnitude of the exhaust opacity. The  
unburned h ydrocarbon traces in F igure III-15 s how dram atically less raw fuel in  the 
exhaust from the S-8 fuel. The -25 C temperature represen ts the co ld limit of the cold 
box hardware. 
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Figure III-14.  Exhaust Opacity for JP-8 and S-8 Start Attempts 

 
 

 
Figure III-15.  Unburned Hydrocarbons from JP-8 and S-8 Cold Start Attempts 
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Trials were performed to determine the S-8 fuel effects on starting perform ance with the  
cold start aids turned off. 
 
The test sequence initially proposed to look at aided cold starts at two attainable 
temperatures on S-8, JP -8, S-8/JP-8 blend, a nd DF2. Because of the availability of only 
high cloud point diesel fuel lo cally, it was not prude nt to try start a ttempts with DF2. 
Because a ll m ilitary sy stems have cold s tart systems, it is felt that the various fuels  
performance using the starting aids would provide m ore usef ul data for com parisons. 
Multiple te sts were p erformed using JP -8, S-8, and a  50/50 JP- 8/S-8 blend  at 
temperatures of -25°C and -20°C since the co ld box would not reliabl y attain any colder 
temperatures. The start data sets were perf ormed using the cranking system  so that the 
variability of cranking speed did not influence fuel cold start performance.  
 
The test stand was converted to a battery star ter system to determine startability on each 
fuel at -25 C and -20°C tem perature on battery pow er and using the cold start aids. 
Efforts were m ade to keep the battery state of  charge as co nsistent as p ossible for each  
start attempt with each fuel. The battery crank ing system was tested and worked with  the 
data acquisition and control system. 
 
It was at this stage of the project that the evaporator coils of the cold box became covered 
in ice. It w as anticipated the frozen coils were due to a refrigeran t leak; however the 
failure was traced  to a com pressor problem. The failure of the cold  box would requ ire a 
complete refitting of the two-stag e refrig erant system . The system  is no longer in 
production and the parts were not available.  The effort to rebuild the cold box was 
beyond the scope of the project. However, a secondary chiller system had previously 
been installed in the cold box and c ould maintain temperatures around 0 C. Tests with  
cold star t a ids disabled  and the following th ree f uels were evalu ated to deter mine 
cranking time to start at 0C: S-8, S-8/JP-8 at 50/50, and JP-8. 
 
The initial runs with the S-8 indicated the engine would start around 3 C without glow 
plugs. Repeat measurements taken on S-8 indicate a start around 3 C without the use of 
glow plugs reliably. The S-8/JP-8  at 50/50 would not start at 3 C, would not start around 
6C, but would start reliably around 10 C without glow plugs star ting aids. It was noted 
that when the S-8/JP-8  fuel tried to start at 6 C, such that the engine speed went over 
300-RPM, a trigger poin t for the start controll er to disengage the starter was reached. At  
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that tim e th e engine co uld not sustain com bustion and it would stop. W hen the start 
threshold speed was raised to 500-RPM the S-8/JP-8 started at 6C. The neat JP-8 would 
not start at all around 3 C, but would start reliably at 10 C. The neat JP-8 showed the 
similar response to the 300-RPM cranking thres hold as the S-8/JP-8. But when the start 
threshold w as raised to 500-RPM for neat JP -8, the engine still would not start and 
sustain with  neat JP-8 at 6 C. A reliab le start was consid ered startin g three sep arate 
times, within 5 intervals of twenty seconds of cranking followed by a 20 second delay. 
 
6.0 DISCUSSION OF RESULTS 
 
A summary of the test fuel co ld start performance is included as T ables III-1, III-2,  and 
III-3. The table includes which starting sys tem was utilized ; cranking motor or batter y 
and starter, and when the glow plugs cold star t aids were used. Included in the Tables is 
the Start Tim e, taken as cranking initiation to attaining an engi ne speed of 600-RPM. 
Time to coolant temperatures of 35°C and 54°C are also included. The 35°C temperature 
is where the fast-id le and cold s tart advance disengages. The 54°C temperatu re is where 
the glow plugs controller is inactive. The Opacity and Unburned Hydrocarbons data are 
calculated for summarization over the engine operating interval. 
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Table III-1.  S-8 Test Fuel Cold Start Performance in 6.5L Engine 

Fuel 
Cold 
Start 
Aids 

Cranking 
System 

Start 
Attempts 

Coolant,
°C 

Start 
Time, 

seconds 

35°C 
Coolant, 
seconds 

54°C 
Coolant, 
seconds 

Opacity 
Average, 

% 

Opacity 
Max, % 

Opacity 
Std. Dev., 

% 

UHC 
Average, 

ppmC 

UHC 
Max, 
ppmC 

UHC Std. 
Dev., 

ppmC 

Cold Start Attempts with RUN Threshold at 300-RPM 

Cold Start Summary with S-8 Fuel 

S-8 Y M* 1 -26 3.2 456.7 719.9 18.2 77.6 5.7 1884 7915  1371  
S-8 Y M 1 -25 1.1 456.0 741.2 17.6 76.6 9.3 3057 7780  1423  
S-8 Y M 1 -25 1.3 441.3 715.8 18.2 77.2  12.0  2827 6844 1068 
S-8 Y M 1 -25 1.4 449.7 730.6 19.3 82.1  12.4  2946 7363 1355 

Average   -25 1.8 450.9 726.9 18.3 78.4 9.9 2679 7476  1304  
Standard Deviation   1 1.0 7.1 11.4 0.7 2.5  3.1  538 482 160 

              
S-8 Y M 1 -19 0.8 396.0 625.3 13.3 72.2  5.8 2321 4214 402  
S-8 Y M 1 -19 1.2 385.6 608.9 8.1 71.9  8.6  2330 4412 488 

Average   -19 1.0 390.8 617.1 10.7 72.1  7.2 2326 4313 445  
Standard Deviation   0 0.3 7.4 11.6 3.7 0.2  2.0  6 140 61  

              
S-8 N B/S** 1 3 15.6 264.4 482.5 18.0 99.8  18.0  1709 27682 2949 
S-8 N B/S 2 3 34.9 279.8 490.3 17.7 99.8  23.6  2911 36047 5116 
S-8 N B/S 2 2 58 307.4 512.8 19.3  100. 0 27.3 4180 40901 6842 
S-8 N B/S 2 4 49.9 302.2 511. 2 9.6 99.4 21.9 3806 2563 5 6312 

Average   3 39.6 288.5 499.2 16.2 99.8  22.7  3152 32566 5305 
Standard Deviation   1 18.6 20.0 15.1 4.4 0.3  3.9  1099 7153 1728 

Cold Start with Starting Aids and Battery/Starter System 

S-8 Y B/S 1 4 0.7 254.0 456.0 11.5 36.9  10.0  984 1956  642  
*M is constant-speed motor cranking system at 100-RPM 
**B/S is a battery and starter cranking system 
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Table III-2.  JP-8 Test Fuel Cold Start Performance in 6.5L Engine 

Fuel 
Cold 
Start 
Aids 

Cranking 
System 

Start 
Attempts 

Coolant,
°C 

Start 
Time, 

seconds 

35°C 
Coolant, 
seconds 

54°C 
Coolant, 
seconds 

Opacity 
Average, 

% 

Opacity 
Max, % 

Opacity 
Std. Dev., 

% 

UHC 
Average, 

ppmC 

UHC 
Max, 
ppmC 

UHC Std. 
Dev., 

ppmC 

Cold Start Summary with JP-8 Fuel 

JP-8 Y M 4 -25 1.4 549.9 803.0 19.0 90.8  20.7  6985 16796 3830 
JP-8 Y M 1 -25 0.9 436.4 702.4 12.1 62.2  10.8  4640 7075 1399 

Average   -25 1.2 493.2 752.7 15.6 76.5  15.8  5813 11936 2615 
Standard Deviation   0 0.4 80.3  71.1 4.9  20.2 7.0 1658 6874 1719 

              
JP-8 Y M 1 -19 1.1 412.7 655.8 14.5 81.7  21.3  5341 11471 2661 
JP-8 Y M 1 -19 1.0 418.3 667.0 21.5 89.0  23.6  5381 11054 2665 

Average   -19 1.1 415.5 661.4 18.0 85.4  22.5  5361 11263 2663 
Standard Deviation   0 0.1 4.0 7.9 4.9 5.2  1.6  28 295  3 

              
JP-8 N B/S 5 6 NS NS NS 41.9 100.0 38.5 27615 38139 7458 
JP-8 N B/S 5 5 NS NS NS 47.0 100.0 42.5 26211 31161 5426 
JP-8 N B/S 5 6 NS NS NS 53.6 99.8 38.6 29158 36760 6722 

Average   6    47.5 99.9 39.9 27661 35353 6535 
Standard Deviation   1    5.9 0.1 2.3 1474 3696 1029 

              
JP-8 N B/S 5 3 NS NS NS 53.1 98.6 38.3 24481 31456 8189 
JP-8 N B/S 5 3 NS NS NS 66.9 99.2 33.9 26096 36824 5331 
JP-8 N B/S 5 3 NS NS NS 58.1 98.9 38.2 25767 30334 5384 

Average   3    59.4 98.9 36.8 25448 32871 6301 
Standard Deviation   0    7.0 0.3 2.5 853 3469 1635 
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Table III-3.  50%S-8 / 50% JP-8 Test Fuel Cold Start Performance in 6.5L Engine 

Fuel 
Cold 
Start 
Aids 

Cranking 
System 

Start 
Attempts 

Coolant,
°C 

Start 
Time, 

seconds 

35°C 
Coolant, 
seconds 

54°C 
Coolant, 
seconds 

Opacity 
Average, 

% 

Opacity 
Max, % 

Opacity 
Std. Dev., 

% 

UHC 
Average, 

ppmC 

UHC 
Max, 
ppmC 

UHC Std. 
Dev., 

ppmC 

Cold Start Summary with 50-percent S-8 and 50-percent JP-8 Blend 

S-8/JP-8 Y M 1 -26 1.3 475.0 745.5 25.7 96.6  24.7  4870 11903 2647 
S-8/JP-8 Y M 1 -26 1.3 464.4 721.9 26.3 92.2  24.3  5100 11985 2740 
S-8/JP-8 Y M 1 -26 1.6 458.7 721.0 18.9 87.4  18.7  3760 7578 1592 
S-8/JP-8 Y M 2 -26 1.1 480.9 747.0 26.2 90.8  25.9  5370 12826 2865 

Average   -26 1.3 469.8 733.9 24.3 91.8  23.4  4775 11073 2461 
Standard Deviation   0 0.2 10.0  14.3 3.6  3.8 3.2 707 2367 586 

              
S-8/JP-8 Y M 1 -20 1.1 408.3 658.6 14.8 85.9  10.9  2920 6031 782  
S-8/JP-8 Y M 1 -20 1.3 402.0 660.5 16.1 89.5  14.3  3343 5568 939  

Average   -20 1.2 405.2 659.6 15.5 87.7  12.6  3132 5800 861  
Standard Deviation   0 0.1 4.5  1.3 0.9  2.5 2.4 299 327 111 

              
S-8/JP-8 N B/S 6 3 286.4 NA NA 73.5 99.8  30.1  27076 48624 6646 
S-8/JP-8 N B/S 5 3 NS NS NS 71.9 99.9 31.0 28214 48624 6496 
S-8/JP-8 N B/S 5 3 NS NS NS 55.4 98.0 40.1 25687 28803 3245 
S-8/JP-8 N B/S 5 3 NS NS NS 52.2 98.0 40.0 24669 28166 4616 

Average   3 286.4   63.3 98.9  35.3  26412 38554 5251 
Standard Deviation   0    11.0 1.1 5.5 1555 11630 1625 

              
S-8/JP-8 N B/S 5 6 NS NS NS 53.1 100.0 41.6 27799 38698 7950 
S-8/JP-8 N B/S 5 5 NS NS NS 50.8 99.1 45.4 25986 48624 7567 
S-8/JP-8 N B/S 5 5 NS NS NS 52.2 99.2 42.0 26515 35605 6717 

Average   5    52.0 99.4 43.0 26767 40976 7411 
Standard Deviation   1    1.2 0.5 2.1 932 6802 631 

Cold Start Attempts with RUN threshold at 500-RPM 

S-8/JP-8 N B/S 2 5 52.4 NA NA NA NA  NA  NA  NA  NA  
JP-8 N B/S 5 5 NS NS NS NA NA  NA  NA  NA  NA  
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Figure III-16. Start Time at -25°C with Starting Aids and Cranking Motor 

 
 
Figures III-16 through III-29 rep resents data from Tables III-1 th rough III-3. Figure III-16 is the 
seconds to start for each test fuel at -25C, when the cranking motor and glow plugs are utilized. 
The start tim e was taken as the tim e from  cr ank initia tion to the f irst tim e the engine spee d 
reached 600-RPM not the time to a stabilized 600-RPM engine speed. One run with neat S-8 had 
a long crank time that affected the average, but the other S-8 runs were consistent with the other 
fuels. The data suggest due to the  similar volatility of each fuel, the time to s tart is impacted by 
the glow plugs considerably because the cetane difference between fuels is not evident.  
 
Figure III-17 reveals a slight im provement in warm  up tim e with the S-8 fuel blends. This is 
likely due to a more stable idle that can be partially attribu ted to cetane number. The decrease in 
warm up time is small compared to the overall time to warm up the engine. However in an actual 
vehicle the engine load would likely be higher and that would impact warm up time greatly. 
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Figure III-17.  Warm Up Time at -25°C with Starting Aids and Cranking Motor 

 

 
Figure III-18.  Exhaust Opacity at -25°C with Starting Aids and Cranking Motor 
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The Exhaust Opacity data in Figure III-18 at -25 C suggests there is a sim ilar amount of white 
smoke foe each test fuel. The white smoke can be affected by volatility and to a sm all degree by 
viscosity.  
 

 

 
Figure III-19.  Exhaust Unburned Hydrocarbons at -25°C with Starting Aids and Cranking Motor 

 

 

The larg est variation b etween test fuels at -2 5C is seen in Figure III-19 for the Unburned 
Hydrocarbons (UHC) in the exh aust. Both the averag e an d m aximum UHC are lower with 
increasing S-8 content in the fuel. 
 
Figure III-20 is the seconds to start for each test fuel at -20 C, when the crank ing motor and 
glow plugs are utilized. The start time was taken as the time from crank initiation to the first time 
the engine speed reached 600-RPM. The data su ggest due to  the sim ilar volatility of each fuel, 
the time to start is im pacted by the glow plugs c onsiderably. In the 6.5L e ngine the fuel spray is 
in very clo se proxim ity of the glow plugs in each cylinder. The cetane num ber differenc e 
between fuels is not evident in the start times. 
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Figure III-20.  Start Time at -20°C with Starting Aids and Cranking Motor 

 

Figure III-21 reveals a slight im provement in warm up tim e with the S-8 fuel blends at -20 C. 
This is like ly due to a more stable  idle that can be partially attribut ed to cetane nu mber. The 
decrease in warm up time at -20C is small compared to the overall time to warm up the engine. 
 

 
Figure III-21.  Warm Up Time at -20°C with Starting Aids and Cranking Motor 
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From Figure III-22 the effects of S- 8 content on exhaust opacity at -20 C is m ore evident than 
that seen at -25 C. Both the average and m aximum exhaust opacity due to white sm oke are  
reduced with S-8 fuel content 

 
Figure III-22.  Exhaust Opacity at -20°C with Starting Aids and Cranking Motor 

 

 
Figure III-23.  Exhaust Unburned Hydrocarbons at -20°C with Starting Aids and Cranking Motor 
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From Figure III-23 a trend of decreasing exhaust UHC emissions is seen with increased S-8 fuel 
content. The results from  the exhaust opacity m easurements s uggest this should be the case. 
When cold starting aids  are u tilized, it is appar ent th ere is  less  UHC in the  exha ust a t co ld 
temperatures with S-8. 
 

 
Figure III-24.  Start Time at 3°C without Starting Aids and with Battery/Starter 

 
 
Start times when the engine is cran ked with the ba ttery and starter, with glow plugs disabled is 
shown in Figure III-24  for 3 C. The engine would not start on JP-8 at 3 C without glow plugs. 
The engine did start with the S-8/JP-8 blend after a sixth crank attempt. The engine would 
attempt to run during the previous five attempts but never sustain. 
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Figure III-25.  Warm Up Time at 3°C without Starting Aids and with Battery/Starter 

 
Although the engine did start on the S-8/JP-8 blend at 3 C, the warm up data was not colle cted 
due to the control system shutting down the engi ne. The warm  up ti me for S-8 in Figure III-25 
appears proportional to the test temperature. 

 
Figure III-26.  Exhaust Opacity at 3°C without Starting Aids and with Battery/Starter 
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Figure III-26 suggests that duri ng cold starting without glow  plugs there are substantial 
maximum levels of white sm oke, regardless of fu el type. However, the S-8 fuel has a reduced 
average exhaust opacity due to the engine starting at 3C without glow plugs. 
 

 

Figure III-27.  Exhaust Unburned Hydrocarbons at 3°C without Starting Aids and with 
Battery/Starter 

 
 
Figure III-27 suggests that duri ng cold starting without glow  plugs there are substantial 
maximum l evels of unburned hydrocarbons, regard less of fuel type. Corresponding to the 
exhaust opacity result, the S-8 fuel also ha s reduced average unburned hydrocarbons due to the 
engine starting at 3C without the use of glow plugs. 
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Figure III-28.  Exhaust Opacity at 6°C without Starting Aids and with Battery/Starter 

 
 
Cold start tests were not performed with the neat S-8 fuel at 6C, but evaluations were performed 
with neat JP -8 and the S-8/JP-8 blend. Figure I II-28 suggests that durin g cold starting without 
glow plugs there are substantial m aximum and average levels of white smoke, regardless of fuel 
type, when the engine does not start. It should be noted the S-8/JP-8 ble nd attempted to start but 
would not sustain e ngine operation at 6 C with a 300-RPM st art threshold. A brief trial with a 
500-RPM start threshold resulted in a start with S-8/JP-8 blend. 
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Figure III-29.  Exhaust Unburned Hydrocarbons at 6°C without Starting Aids and with 

Battery/Starter 
 

 

Figure III-29 suggests that duri ng cold starting without glow  plugs there are substantial 
maximum and average levels of unburned hydrocarbons  in the exhaust, regardless of fuel type, 
when the engine does not start. 
 

 

7.0 SUMMARY AND CONCLUSIONS 
 
Based on the lim itations of test hardware for attaining abso lute start temperature thresholds, the 
following conclusions can be m ade for the S-8, S- 8/JP-8, and JP-8 fuels in the General Engine 
Products 6.5L, naturally -aspirated, IDI, diesel engine: 
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 With a con stant speed  crank ing motor at 10 0-RPM and glow plugs utilization the data 

suggest due to the sim ilar volat ility of each fuel, the tim e to start is im pacted by the glow 
plugs considerably. In the 6.5L e ngine the fuel spray is in very close proxim ity of the glow 
plugs in each cylinder. The cetane number difference between fuels is not evident in the start 
times. 

 
 There is a slight im provement in engine warm  up tim e with S-8 content in the fuel blends. 

This is likely due to a more stable idle tha t can be partially attributed to cetane nu mber. The 
decrease in warm up time is small compared to the overall time to warm up the engine. 

 
 The Exhaust Opacity data at -25°C  suggests th ere is a similar am ount of white sm oke for  

each test fuel, however at -20°C both the average and maximum exhaust opacity due to white 
smoke are reduced with S-8 fuel content. 

 
 The largest variation between test fuels is seen for the Unburned Hydrocarbons (UHC) in the 

exhaust. Both the averag e and m aximum UHC ar e lower w ith increasing S-8 con tent in the 
fuel. The results from  the exhaust opacity m easurements suggest this should be the case. 
When cold starting aids  are utilized , it is appare nt there is less UHC in the exhaus t at cold  
temperatures with increasing S-8 content. 

 
 Start times when the en gine is cran ked with a battery and starter, and glow plugs disabled; 

indicate the engine will star t on S-8 at 3°C. T he engine would not start on JP-8 at 3°C  
without glow plugs. The engine di d start with the S-8/JP-8 ble nd after a sixth crank attem pt. 
The engine would attempt to run during the previous five attempts but never sustain. 

 
 During cold starting without glow plugs ther e are substantial m aximum levels of white  

smoke, regardless of fuel type. However, the S-8 fuel has a reduced average exhaust opacity 
due to the engine eventually starting at 3°C without the use of glow plugs. 

 
 When cold starting without glow plugs ther e are substantial m aximum levels of unburned 

hydrocarbons, regardless of fuel type. Correspo nding to the exhaust op acity result, the S-8 
fuel also has reduced average unburned hydro carbons due to the engine starting at 3°C  
without the use of glow plugs. 
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 During cold start attempts without glow plugs  there are substantial m aximum and average 
levels of white sm oke and substantial maximum and average levels of unburned 
hydrocarbons in the exhaust, regardless of fuel type, when the engine does not start.   

 
 It should be noted the S-8/JP-8 blend attem pted to start but woul d not sustain engine 

operation at 6°C with a 300-RPM start thre shold. A brief trial with a 500-RP M start  
threshold resulted in a start with S-8/JP-8 blend. 

 
8.0 REFERENCES FOR TASK III 
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IV. TASK IV:  IDENTIFICATION OF ARMY FUEL INJECTION 
PUMP ELASTOMERS 

 
1.0 OBJECTIVES 
 
The objectives of this task were to: 
 
 Identify the elastomeric components (seals, O-rings, gaskets etc. ) found in the fuel injection 

pumps of selected high density combat, wheeled and ground support equipment. 
 
 Identify the engine manufacturer and model numbers of selected equipment. 
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 Obtain injection pum p national stock num ber a nd part num ber from pertinent technical 

manuals. 
 
 Identify fuel injection pump manufacturers. 
 
 Contact f uel injection pump manufacturers to  obtain elas tomer composition and schem atic 

drawings showing when available. 
 
 Estimate the  potential f or injection pump leakage based on com position of elastomers and 

their location within the pump. 
 

 

2.0. APPROACH 
 
A list of s elected equipm ent was developed us ing Departm ent of Defense Off-Road Fuel  
Consuming Mobility Ground Support Equipm ent Listing compiled by TFLRF. [1] Equipm ent 
selection was based on densities and mission criticality of equipment. Technical Manuals were 
utilized to obtain inf ormation on the injec tion pumps fuel ing selected equipm ent. Table IV-1 
shows the equipment that meets these criterions: 
 

 

Table IV-1.  High Density and or Mission Critical Equipment 
Equipment 

Nomenclature 
Engine Manufacturer 

Model Number 
Injection Pump 

Type 
Pump Manufacturer 

Bradley Fighting 
Vehicle M2/3 

Cummings Engine 
VTA 903T 

Pressure Timed Cummins Engine 
 

5 Ton M939 Series Truck Cummins NHC 250 Pressure Timed Cummins Engine 
Recovery Vehicle 
M88A1/2 
Combat Engineer Vehicle 
M728 
Bridge Launcher M60 

Continental AVDS 1790 
2-DR 

Rotary, Cam Operated AMBAC International 

Stryker Light Armored 
Vehicle  

Caterpillar 3126B Unit Injector Caterpillar Inc. 

Light/Medium Tactical 
Vehicle 

Caterpillar 3116/3126B Unit Injector Caterpillar Inc. 

HMMWV Series Truck GM 6.2 / 6.5L Rotary  Stanadyne 
5 Ton M939A2 Series 
Truck 

Cummins 6CTA 8.3L In-Line Cam Actuated Bosch 
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Table IV-1.  High Density and or Mission Critical Equipment 
Truck 10 Ton HEMMT Detroit Diesel 8V92T Unit Injector Detroit Diesel 
Combat Earthmover 
DEUCE 

Caterpillar 3126 HEUI Unit Injector  Caterpillar 

Container Handler RT240 
53K 

Cummins QSM 11 Pressure Timed Cummins 

Generator Set  
100 kW 

Caterpillar D3306(T) In-Line Cam Actuated Caterpillar  

Generator Set 
60 kW 

John Deere 6059T 
Allis Chalmers 3500 

Rotary Stanadyne 

Truck Forklift RT 10K John Deere 6059T 
 

Rotary Stanadyne 

 

 

Part num bers and parts schem atics showing loca tion of elastom er components were extracted 
from the manuals (Appendix IV-B) and the FED  LOG Interactive Database queried for injection 
pump manufacturer and national stock numbers. Injection system manufacturers were contacted 
for identification of elastom er composition. From  this ef fort, a  tab le entitled “In jection Pump 
Elastomer I dentification Table” (Appendix IV- A) was developed. The following infor mation 
parameters are found in the table: 
 
 Equipment Nomenclature 
 Engine Manufacturer and Model Number 
 Injection System Manufacturer 
 Injection System Type 
 Seal/Gasket Nomenclature 
 National Stock Number 
 Part Number 
 Elastomer Composition 
 Technical Manual Number 
 

 

3.0 DISCUSSION 
 
The Injec tion Pump Elastomer Identif ication Table in Appendix IV-A is com prised of combat 
tracked, tactical wheeled, generator sets, ma terial handling, and e ngineer earth m oving 
equipment. The injection pum p manufacturers identified as supplie rs of the fueling com ponents 
for these different vehicles and equipm ent are Stanadyne Com pany, Inc., AMBAC (form erly 
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American Bosch), Detroit Diesel, Bosch, Cate rpillar, Delphi Pum p Com pany, and Cumm ins 
Engine Company. 
 
The supplier com panies were contacted telep honically or by e mail to request infor mation 
concerning elastomers and com position in their re spective injection pumps. Responses received 
were at times not a ll-inclusive and other sources for elastom er composition had to be utilized. 
Examples of these sources were: PartsBase, a go vernment logistics data provider for the defense 
industry, F ED LOG i nteractive database. The FE D LOG Interactive Data base is a logistics 
information system  tha t allows the retriev al o f data f rom the Fed eral Logis tics Inf ormation 
System (FLIS) and service specific databases. Local diesel injection service companies were also 
utilized to obtain elastom er information. Cummins Engine Co. was the  only supplier com pany 
that did not respond and inform ed TFLRF that without a contractual ag reement, proprietary 
information of the list of elastomers and materials used on the PT pumps could not be divulged. 
 
Elastomers, material and number of times they appear in the elastomer identification table for the 
different injection pumps identified are shown in  Table IV-2. They are further broken down and 
grouped by material family and shown in Table IV-3. 
 

 

Table IV-2.  Elastomer Materials Identified in ID Table  

Composition Material Number of Occurrences 
Viton 74  
Buna N Nitrile 13 
Butadiene-Arylonitrile 12 
Butyl Rubber 10 
Synthetic Rubber 9 
Nitrile (Buna)  4 
Butadiene 3 
HPNP & Nitrile 1 
Viton SR 1 
Fluorosilicone 1 
Buna N Nitrile SR 1 
Nylon 1  

 
  



 

62 

Table IV-3.  Elastomer Materials Identified in ID Table Grouped by Family 

Composition Material Number of Occurrences Total % 
Viton 75  57 
Nitrile 31 24 
Butyl Rubber 10 8 
Synthetic Rubber 9 7 
Butadiene 3 2 
Fluorosilicone 1 1 
Nylon 1 1 

 
 
An objective in the ide ntification of elastomers was estim ating the po tential for injection pump 
leakage based on com position of elastomers, and their location within the pum p. The following 
is a brief discussion on each of th e elastomer compositions identified in the sam e order as  the 
table above and an assessm ent on t heir propensity  to react adversely and cause leakage whe n 
switched between aromatic and non-aromatic fuels: 
 
The most prominent rubber material found in the survey of injection pump elastomers was Viton. 
Viton is a synthetic rubber an d fluoropolymer elastomer commonly used in O-rings. In previous 
testing, Viton elastomers were found to exhibit low variances in mass and volume changes when 
switch loaded between synthetic fuel containing no aromatics and JP-8 fuel wi th arom atics. 
Therefore, it can be speculated that Viton el astomers should present m inimal problems if any, 
with the introduction of synthetic fuels. 
 
The next highest percentage in the number of elastomers identified in the survey was elastomers 
containing Nitrile rubber, a copo lymer of butadiene and varying contents of Arylonitrile. In 
previous studies, Nitrile elastomers used in selected injection pumps were switch-loaded between 
non-aromatic and aromatic fuels. In this study, the Nitrile elastom ers started to lose volum e 
immediately after submersion in non-arom atic fu el and continued in a downward spiral with 
some swell variations w hen submersed in aromatic fuel; however, always remaining in negative  
numbers throughout the switch loading between arom atic and non-arom atic fuels. Volum e loss 
in in jection pum p elastom ers m ay contribute to fuel leak age. Depending in th e lo cation and  
purpose of the elas tomers, the leakage can either be in ternal or ex ternal. Exte rnal leak age, 
however small, becomes critical and m ust be addressed immediately for safety reasons. Internal 
leakage, on the other hand, can be presented in a better perspective. In direct internal combustion 
engines, fuel not m etered to the injectors, is re turned to the m ain supply tank. Therefore, due to 
the continuous and significant amount of fuel circulation, internal leakage may not be noticeable, 
unless the high-pressure area of the pum p is affected. Whenever high fuel pressurization is 
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decreased because of in ternal leakage, power loss and eng ine timing retardation can occur an d 
affect the performance of the engine. 
 
Butyl Rubber, a synthetic rubber produced by c opolymerization of butyl ene and isoprene w as 
identified as the m aterial in th e elastomers of the Bosch VE rotary pum p and constitutes 8% of 
the elastomers identified. No know n studies have determ ined butyl elastom ers’ compatibility 
with non-aromatic fuels. However because of its  excellent imperm eability, it is believed that in  
static applications problems are not anticipated. 
 
Synthetic rubber is m ade from  the polym erization of a variety of polym ers and isobutylene. 
Synthetic ru bber, a lthough a b road te rm, was enter ed whe n ela stomer com position was not 
identified by the pump manufacturer or specifically identified in any of the sources investigated. 
 
Butadiene rubber was identified in  three static applications in  the Bosch in- line pum p. As  
determined in Task II–B, switc h loading of butadiene elasto mers between non-arom atic and 
aromatic fuels showed  an acceptable deg ree of  volum e gains and losses of less than 4%. 
Problems while using non-aromatic or low-aromatic fuel are not anticipated. 
 
Fluorosilicone material was identified in one dyna mic elastomer application in a specific m odel 
of the Stanadyne rotary pum p. In a previous st udy, new and used Fluorosilicone seals exhibited 
large volume swells when switch loaded between  non-arom atic and arom atic fuels. In this 
application, the Fluo rosilicone sea l is loc ated in the  main drive  shaf t between two Viton se als 
that prevent engine oil and fuel from comm ingling. Unless the Viton seal allows fuel seepage, it  
is not like ly that the Fluorosilicone  will ever be wetted with f uel. Theref ore, no operational 
problems are anticipated when switching between non-aromatic and aromatic fuels. 
 
Nylon rubber was identified in one dyna mic app lication in a specific m odel of the Stanadyne  
rotary pump. The elastomer is identified as a spa cer on the drive shaft that is located adjacent to 
the driveshaft seal and is not anticipated to be a leakage factor regardless of fuel used. 
 

Viton, butadiene, Nitrile, and Fluor osilicone are the only m aterials that have been studied on the 
effects of switch loading between  non-arom atic and arom atic fuels. Of these, the Nitrile  
elastomer exhibited the larges t volum e percen t loss.  The f ollowing segm ented tables contain 
specific information on the different pum ps identif ied in the Elastom er ID Table as contain ing 
Nitrile elastomers and denote the location of  the seal and whether lea kage if  it occurs will be  
internal or external.  
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Equipment Type/ 

Engine/Fuel Pump 
Possible Leakage- 
Internal/External 

Dynamic/ 
Static 

Seal / Gasket NSN Part Number 

Recovery Vehicle 
M88A1 / 2, M728,  
AVLB 
AVDS 1790 
Rotary Pump- Model 
PSB-12BT 

External  8 ea Static O-ring, Fuel inlet/return hsng 5330005793156 MS28775-116 
External  1 ea Static O-ring, Fuel inlet housing cap 5331008195111 MS28778-24 
External  2 ea Static Gasket, Plunger bore screw 5330014338436 MS28775-017 
External  2 ea Static Gasket, Delivery valve 5330014338434 G410154 
External  2 ea Static O-ring, Hydraulic Head Assy 5331006086432 MS28775-237 
Internal  2 ea Static O-ring, Hydraulic Head Assy 5331005769733 MS28775-234 
Internal  4 ea Dynamic O-ring, Fuel Control Unit 5330006181920 MS28775-017 

 
 

 
 

Equipment Type/ 
Engine/Fuel Pump 

Possible Leakage- 
Internal/External 

Dynamic/ 
Static 

Seal / Gasket NSN Part 
Number 

M939 Series 5 Ton 
Cummins 6CTA 8.3 
Bosch In-Line 

External Static Seal/Washer Fuel Gallery 5330121564593  

The fuel gallery seal/washer is the only seal  that is Nitrile in the Bosch In-Line pump. Because the washer is a compressi on washer 
and is steel encapsulated with Nitrile rubber, once tightened, it is not likely to leak. If leakage occurs, it will be external. 

 
  

Equipment Type/ 
Engine/Fuel Pump 

Possible Leakage- 
Internal/External 

Dynamic/ 
Static 

Seal / Gasket NSN Part 
Number 

HMMWV Series 
GEP 6.2/6.5L 
Stanadyne Rotary 

External Static Governor adjusting screw 5331006418283 11057 

The Stanadyne rotary pump has one governor adjusting screw O-ring. When the governor has to be adjusted, the screw is turned in 
or out. However, the governor hardly ever needs adjusting, therefore, the potential for leakage is minimal. If leakage should occur, it 
will be external. There is a Viton replacement for this seal. 
 
The m odel PSB 12BT pump is an oil-lubri cated pum p that has two separate hydraulic  heads with 6 ports each. All the fuel is  
delivered to the h ydraulic heads where it is p ressurized, metered, and supplied to the injectors. If external leakage should occur, it  
would be in the fuel inlet and return O-rings and or the fuel inlet housing cap. The plunger bore and delivery valve gaskets are the 
least likely to leak because these seals are thick, flat, and static. Also, they require a specific torque when installed. 
 
One head assembly seal and one fuel c ontrol seal i n each hydraulic head are dual-purpose seals, which prevent lubricating oil and 
fuel from commingling. A leak  in eith er of these seals  will be internal a nd perhaps not cause operational problems for a period of 
time; however, It can  cause fuel dilution and if undetected, m ay eventually cause engine damage. The PSB 12BT pump is the only 
pump where fuel and oil ca n commingle and the m aterial of the seal preventing this occurrence contains Nitrile. The vehicles that 
use this pump are not high density however, they are high mission critical equipment and there are no substitute vehicles that can be 
used as replacements. 
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Equipment Type/ 

Engine/Fuel Pump 
Possible Leakage- 
Internal/External 

Dynamic/ 
Static 

Seal / Gasket NSN Part 
Number 

Generator Set 60kW 
Allis Chalmers 3500 
Stanadyne Rotary 

Internal Static Seal, O-ring, regulator Assy  5331001715641 12406 
Internal Static Seal, O-ring, filter element 5331006418283 11507 
Internal Dynamic Seal, O-ring, control rod 

guide 
5331009378477 1 3550 

External Static Seal, O-ring, plug piston hole 5331009746643 12764 
External Static  Seal, O-ring, plug 5331009364587 12766 
External Static  Gasket, Timing window 5330005063975 10574 
Internal Dynamic Seal, O-ring, drive shaft 

Assy 
5331001715641 1 2406 

These generators are not in production and are  being replaced with the Tactical Qui et generator se ts with the  John Deere engine. 
Approximately 30% a re still in the inve ntory primarily in National Guard and Army Reserve units and should be replaced with the 
TQ sets by 2010 or sooner. 

 
 

Equipment Type/ 
Engine/Fuel Pump 

Possible Leakage- 
Internal/External 

Dynamic/ 
Static 

Seal / Gasket NSN Part 
Number 

Generator Set 30kW 
Hercules D298ERX-37 
Stanadyne Rotary 

Internal Static Seal, O-ring, filter element 5310008984927 15627 
External Static Seal, O-ring, cam adjusting 

screw 
5331006418283 1 1507 

External Static Seal, O-ring, transfer pump 5331013444225 26965 
These generators are not in production and are  being replaced with the Tactical Qui et generator se ts with the  John Deere engine. 
Approximately 30% a re still in the inve ntory primarily in National Guard and Army Reserve units and should be replaced with the 
TQ generator sets by 2010 or sooner. 

 
 
4.0 SUMMARY AND CONCLUSION 
 
 Elastomeric components found in injection pum ps of selected high-density com bat, wheeled 

and ground support equipment, were identified. 
 
 Engine manufacturer and model numbers of sel ected equipment were identified and a listing 

was generated showing fuel injection pum p manufacturers, and the com position of the 
elastomers within each pump listed. 

 
 Injection pump manufacturers were contacted to obtain elastomer composition and schematic 

drawings showing location of elastomers within the pump. 
 
 An injection pump elastomer identification table was developed. 
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 An estimation was made on the potential for injection pump leakage based on composition of 
elastomers and their location within the pump, and whether leakage, if it occurred, would be 
external or internal. 

 
 Of the pumps identified, the m odel PSB 12BT pump fueling the AVDS 1790 engines in the 

recovery vehicle, engin eer veh icle, and the AVLB bridge launcher is the only pum p that 
raises the most concern with the use of non-ar omatic fuel. The reason being that there are 
two head assem bly static seals in each hydraulic head and two fuel control dynam ic seals  
made out of butadiene and Arylonitrile m aterial. These s eals are du al-purpose s eals tha t 
prevent lub ricating o il and f uel from  commi ngling within the pum p. The fact that the  
material is a combination of butadiene and Aryl onitrile may lessen the effect of shrinkage as 
opposed to pure Nitrile material. 

 

 

5.0 RECOMMENDATIONS 
 
Previous studies have found that elastom ers containing Nitrile m aterial exhibit a greater degree 
of mass and volume percent loss when exposed to non-aromatic fuels than do elastomers that are 
manufactured from  other m aterials. The m odel PSB 12BT injec tion pu mp that f uels the M88 
recovery vehicle, M728 combat engineer vehicle, and the AVLB bridge launcher, contain critical 
seals made out of Nitrile material. Therefore it is recommended that further studies be conducted 
to examine the effects of these seals when exposed to non-aromatic fuels 
 
 

V. TASK V:  JP-8/S-8 FUEL BLEND STUDY 
 
1.0 APPROACH 
 
Fuel properties were determ ined for a 50/50% vol. Blend of S-8 and JP-8 petroleum  based 
aviation f uel. The  blend was a nalyzed ac cording to  the  tes ting proto cols lis ted in  
DEF STAN 91-91 Table 1. 
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2.0 RESULTS 
 
The results are presented in Ta ble V-1. Two properties of the bl end were retes ted because of 
inconsistent results (% Naphthalenes by D1840, Flash Point by D 3828). The lubricity results are 
presented in Table V-2. Tables V- 1 and V-2 contain the complete, final data se t. The data was  
examined for compliance with JP-8 and DEF STAN 91-91 specifications. The follow ing results 
were outside of the specification limits: 
 
 The base fuel (JP-8), S-8, and the blend were outside of the conductivity limit 
 The standard BOCLE result for S-8 was high 
 The density for S-8 and the blend was low 
 D86 residue and loss were slightly high for the blend 
 Hydrogen content of the base JP-8 was slightly low 
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Table V-1.  Fuel Blend Property Results 

Property Units 
MIL-DTL-83133 

(JP-8) Specification 
Requirements 

DEF STAN 
91-91 

CL03-0002 
JP-8 Base Fuel

AL-26936  

Blend1 
AL-27108 

 

S-8 Base 
Fuel 

AL-27074 
Ball-On-Cylinder Lubricity Evaluator, 
D 5001, avg. wear scar diameter mm 

NR2 
(0.65, max per 

MIL-PRF-25017) 
0.853 0.51  0.50 0.98 

Cetane Number, D 613  NR NR 50 54 61 
Cetane Number, IQT  NR NR 48 NR 58 
Cetane Index, D 976  Report NR 43 53 64 
Cetane Index, D 4737  NR NR 46 56 69 
Color, Saybolt, D 156  Report Report +15 +24 +30 
Conductivity, D 2624 pS/m 4 50-45 05 10  0 0 
Copper Strip Corrosion, 2 hr @ 100C, D 130 Visual rating 1, max 1, max 1A 1A 1A 
Density @ 15C, D 4052 kg/m3 775 – 840 775.0 – 840.0 793.0 773.9 754.8 

     NR = Not Required by Specification 

                                                 
1 1:1 Blend of AL-26936-F (JP-8): AL-27074 (S-8) 
 
2 The contractor shall blend a corrosion inhibitor conforming to MIL-PRF-25017 into the F-34 (JP-8) grade fuel. The corrosion inhibitor additive is optional for F-35. The 
amount ad ded shall be equal t o or greater th an the minimum effecti ve co ncentration a nd shall not exceed the maximum all owable c oncentration li sted in the lat est 
revision of QPL-25017. The c ontractor or tra nsporting agency, or both, shall maintain and upon requ est shall make a vailable to th e Government ev idence th at the  
corrosion inhibitors used are equal in every respect to the qualification products listed in QPL-25017. The point of injection of the corrosion inhibitor shall be determined 
by agreement between the purchasing authority and the supplier. 
 
 
3 The requirement to determine lubricity applies only to fuels containing more than 95% hydroprocessed material and where at least 20% is severely hydroprocessed and 
for all fuels containing sy nthetic components. The limit applies only at the point of m anufacture. Severely hydroprocessed components are defined as petr oleum derived 
hydrocarbons that have been subjected to a hydrogen partial pressure of greater than 7000 kPa (70 bar or 1015 psi) during manufacture. 
 
4 The condu ctivity must be between 150 and 450 pS/m for F -34 (JP-8) and between 50 an d 450 pS/ m for F-35, at a mbient temperature or 29.4C (85F), whichever i s 
lower, unless otherwise directed by the procur ing activity. In th e case of JP-8+100, JP-8 with the th ermal stability improver additive (see 3.3.6), the con ductivity limit 
must be between 150 to 700 pS/m at ambient temperature or 29.4C (85F), whichever is lower, unless otherwise directed by the procuring activity. 
 
5 The condu ctivity limits are mandatory for product to meet this specification.  Howev er, it is a cknowledged that in  some manufacturing and di stribution systems it i s 
more practical to inj ect static dissi pater addit ive further downs tream. In suc h case s the Certificate of Qual ity for the batch should be a nnotated thus: “Product meets 
requirements of Defense Stand ard 91-91 exc ept for electrical  conductivity .” Due to hig h flow rates and very fine filtration  used when fueling aircraft, it is ab solutely 
essential that these conductivity limits are met at the point of delivery into aircraft. 
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Table V-1.  Fuel Blend Property Results (continued) 

Property Units 
MIL-DTL-83133 

(JP-8) Specification 
Requirements 

DEF STAN 
91-91 

CL03-0002 
JP-8 Base Fuel 

AL-26936  

Blend 
AL-27108 

S-8 Base 
Fuel 

AL-27074 
Microseparometer, D 3948  6 85, min 97 96 100 
Naphthalenes, D 1840 vol% 

Mass% 
3.0, max 

NR 
3.00, max 

NR 
1.63 
2.06 

0.81 
1.05 

<0.01 
<0.01 

Net Heat of Combustion, D 240 BTU/lb 
MJ/kg 

NR 
42.8, min 

NR 
42.8, min 

18.745 
43.6 

18,632 
43.3 

18,907 
44.0 

Net Heat of Combustion, D 3338 BTU/lb NR NR 18,627 18,803 18,975 
Smoke Point, D 1322  25, MIN 25, MIN 25 36.8 >50 
Sulfur, Mercaptan, D 3227 Mass% 0.002, max 0.0030, max <0.0003 0.0003 <0.0003 
Sulfur, Total, D 5453 Ppm 3000, max 3000, max 87 46 <1 
Thermal Oxidation Stability (JFTOT), 
260C, 
D 3241 

Change in 
pressure drop, 

mm Hg 
 

Heater tube 
deposit, visual 

rating 

25, max 
 
 
 

<37 

25, max 
 
 
 

<38 

1 
 
 
 

<2 

0 
 
 
 

1 

2 
 
 
 

2 

Total Acid Number, D 3242 Mg KOH/g 0.015, max 0.015, max 0.011 0.007 <0.001 
        NR = Not Run 

                                                 
6 The minimum Microseparometer rating using a Micro-Separometer (MSEP) shall be as follows: 

JP-8 Additives MSEP Rating, min.   
Antioxidant (AO)*, Metal Deactivator (MDA)* 90   
AO*, MDA*, and Fuel System Icing Inhibitor (FSII) 85   
AO*, MDA*, and Corrosion Inhibitor/Lubricity Improver (CI/LI) 80   
AO*, MDA*, FSII, and CI/LI) 70   
*Even though the presence or absence does not change these limits, samples submitted for specification conformance testing shall contain the same additives 
present in the refinery batch.  Regardless of which minimum the refiner elects to meet, the refiner shall report the MSEP rating on a laboratory hand blend of 
the fuel with all additives required by the specification. 
 
7 Peacock or abnormal color deposits result in a failure. 
8 Peacock or abnormal color deposits result in a failure. 
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Table V-1.  Fuel Blend Property Results (continued) 

Property Units 
MIL-DTL-83133 (JP-8) 

Specification 
Requirements 

DEF STAN 
91-91 

CL03-0002 
JP-8 Base 

Fuel 
AL-26936  

Blend  
AL-27108 

S-8 Base 
Fuel 

AL-27074 

Distillation, D 86 C @ vol% 
evap. 
IBP 
10 
20 
30 
40 
50 
60 
70 
80 
90 
95 

FBP 
residue 

loss 

 
Report 

205, max 
Report 

--- 
--- 

Report 
--- 
--- 
--- 

Report 
--- 

300, max 
1.5, max 
1.5, max 

 
Report 

205, max 
Report 

--- 
--- 

Report 
--- 
--- 
--- 

Report 
--- 

300, max 
1.5, max 
1.5, max 

 
--- 

160 
166 
--- 
--- 

190 
--- 
--- 
--- 

235 
--- 

256 
1.2 
0.4 

 
145 
161 
168 
176 
184 
192 
202 
213 
225 
240 
251 
259 
1.7 
1.6 

 
159 
171 
177 
--- 
--- 

201 
--- 
--- 
--- 

248 
--- 

272 
1.0 
0 

Existent Gum, D 381 mg/100 mL 7.0, max 7, max <0.1 1.5 1.0 
Flash Point, D 56 C 38, min 38, min 38 41 44 
Flash Point, D 93 °C 38, min NR 41 44 46 
Flash Point, D 3828 C 38, min 38, min 41 44 44 
Freezing Point, D 23869 C -47, max -47, max -49 -52 -58 
Freezing Point, D 5771 C NR NR  NR NR -58 
Freezing Point, D 5972 °C` -47, max NR -48 Erratic 

Instrument 
Reading 

No Result 

Erratic 
Instrument 
Reading 

No Result 

                                                 
9 This is the referee test method. 
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Table V-1.  Fuel Blend Property Results (continued) 

Property Units MIL-DTL-83133 (JP-8) 
Specification 
Requirements 

DEF STAN 
91-91 

CL03-0002 
JP-8 Base 

Fuel 
AL-26936  

Blend  
AL-27108 

S-8 Base 
Fuel 

AL-27074 

Freezing Point, D 5982 °C NR NR NR NR -58 
Hydrocarbon Type, F.I.A., D 1319 vol% Aromatics: 25.0, max Aromatics: 25.0, 

max 
Aromatics: 

16.8 
Saturates: 82.2 

Olefins: 1.0 

Aromatics: 
7.1 

Saturates: 
92.3 

Olefins: 0.6 

Aromatics: 
0.5 

Saturates: 
99.0 

Olefins: 0.5 
Hydrogen Content, D 5291 mass % 13.4, min NR 13.15 14.5 15.2 
Kinematic Viscosity @ -20C, D 445 cm2/s 8.0, max 8.000, max 3.48 3.87 4.38 
Kinematic Viscosity @ 40C, D 445 cm2/s NR NR 1.14 1.21 1.35 

 
 

Table V-2.  Lubricity Results with AL-26955A (Ondeo/Nalco Additive) CI/LE 

Fuel Type BOCLE, mm HFRR, µm SLBOCLE, g 
S-8 + 12 mg/L CI/LE 0.72 765 1350 
S-8 + 22.5 mg/L CI/LE 0.57 735 1650 
S-8/JP-8 Blend 50/50 + 12 mg/L 
CI/LE 

0.51 650  2350 

S-8/JP-8 Blend 50/50 + 22.5 mg/L 
CI/LE 

0.50 650  3150 

S-8/JP-8 Blend 50/50 0.50 695 2350 
JP-8, AL-26936 0.51 720 2150 
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VI. TASK VI:  BOCLE DATA FOR REFERENCE FLUIDS 
 
1.0 APPROACH 
 
The standard BOCLE ASTM D50 01 test was conducted on the reference fluids for the ground 
fuel lubricity tests ASTM D6078 and ASTM D6079. 
 
 
2.0 RESULTS 
 
The BOCLE results are shown below: 
 
 Reference Fluid A: 0.56-mm average wear scar diameter in the BOCLE test.  
 Reference Fluid B: 0.85-mm average wear scar diameter in the BOCLE test. 
 
The data were transmitted to TARDEC for their use. 
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APPENDIX II-B 
 

Stanadyne Pump 
Data for Individual Elastomers 

Change Calculated by Method A (Cumulative) 
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APPENDIX II-C 
 

Bosch Pump 
Data for Individual Elastomers 

Change Calculated by Method A (Cumulative) 
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APPENDIX II-D 
 

Detroit Diesel Unit Injector 
Data for Individual Elastomers 

Change Calculated by Method A (Cumulative) 
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APPENDIX IV-A 
 

Injection Pump Elastomer Identification Table 
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APPENDIX IV-B 
 

Schematic Drawings Showing Location of 
Elastomers within the Pump 
























































































































































































































































































































